We demonstrate programmable spectral shaping with simultaneous broad-bandwidth(>40nm) and high-resolution(<4GHz) using a 2-D VIPA-Grating pulse-shaper with a LCOS SLM. The apparatus is capable of scaling to bandwidths of 100s of nm with sub-GHz resolution.
shows the experimental setup. Input pulses (110 fs centered at 1555 nm) from a passively mode locked Erbium fiber laser are first focused into the VIPA (200GHz FSR), then directed through a transmission grating with orthogonal dispersion direction, leading to a 2-dimensional spread of frequency components. Cylindrical lenses are used to focus the light onto the 2-D LCOS SLM placed at the Fourier plane. A 45° polarizer converts the SLM phase response into amplitude modulation. A 2-D IR camera images the Fourier plane to help with alignment and to visualize the masking process. Fig 1(b) shows the image of the Fourier plane without any masking function applied. Each vertical stripe corresponds to a different 200GHz spectral slice (equal to the VIPA FSR) separated by the grating. Fig  1(c) shows the modification at the Fourier plane with programming of the LCOS array, showing absence of various frequency components. Fig 1(d) shows the spectrum corresponding to the no mask case (1(b)) showing a relatively featureless spectrum (the curvature is representative of the actual laser spectrum). After the application of the mask, we have the spectrum shown in fig 1(e) (normalized with respect to the laser spectrum) showing a complex structure. Fig . 2 shows the results of an experiment to demonstrate high spectral resolution. The SLM is programmed to pass the entire spectrum except for narrow notches at 1544.5, 1549.5, 1559.5, 1561.5 and 1569.5nm . Fig 2(a) shows the Fourier plane image which has all the wavelengths except the blocked ones which are circled in red. Fig 2(b) shows the spectrum which is relatively flat except for the deep notches programmed. The inset shows the zoomed version of one of the notches. In fig 2(c) we show the spectra for the converse mask in which the same five wavelengths are now passed (remaining light blocked). The five selected wavelengths show up clearly as peaks. The inset shows a zoomed peak with width ~4GHz FWHM. In other data we have achieved spectral resolution down to ~3GHz. Note that by going to a VIPA with lower FSR (say 50GHz), sub-GHz resolution can be achieved if required. The total bandwidth is currently limited to ~40nm by the laser; however, the apparatus itself should be capable of handling 100s of nm.
In summary, we have experimentally demonstrated an apparatus which permits programmable control of fine spectral features over a large bandwidth. Our preliminary experiments here focus on spectral amplitude shaping. In continuing work we plan to utilize diffraction effects to simultaneously control both amplitude and phase using the phase-only LCOS-SLM and to characterize the resulting shaped waveforms in the time domain.
